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ABSTRACT 


This study compared the effectiveness of two self 
instructional stimulus-response methods of teaching basic 
electronic facts to Junior High School Industrial Arts 
students. One method used was ERIB, an electrical teaching 
device developed by the researcher, while the control method 
was flash cards. 

The study was designed to answer two research ques~ 
#2 one, (1) is BRIB a self instructional tool which LS Of 
value in the Junior High School Industrial Arts laboratory? 
(2) Is ERIB as effective as another stimulus-response means 
in teaching basic electronic facts to Junior High School 
Industrial arts students? 

It was hypothesised that no significant differences 
in learning or retention existed between students learning 
information via the two systems. 

The test instruments were a thirty-five item multiple 
choice post test and a similar retention test which was ad- 
ministered one week later. 

The population consisted of all the Grade 8 Industrial 
Arts students within the Edmonton Public and Separate School 
Systems. The sample was 200 students, randomly selected and 
split into two halves. 

Data were collected in the Industrial: Arts laborator- 


ies during normal class periods. The data were processed by 
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the IBM 360/67 computer at the University of Alberta. 

KR20 reliability was found to be above .78 for both 
the post test and the retention test, while item reliability 
Pangederroms.0/ to). 36. 

Analysis of variance showed that significant differ- 
ences occurred between the experimental and control groups. 

The null hypotheses were therefore rejected. 

The researcher concluded that (1) Flash cards were 
more efficient than ERIB, in teaching basic facts. (2) ERIB 
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Arts students will be engaged in at least three differing 


types of activities. 


CHAP TE Ren} 


INTRODUCTION 


ORIENTATION TO THE PROBLEM 


The Alberta Junior High School Industrial Arts pro- 
based on the multiple activity concept. The Depart- 


Education Curriculum Guide for Industrial Arts (1969) 


a multiple activity program as: 


an organizational device by means of which 

a variety of exploratory experiences can be 
presented with a minimum of room and equip- 
ment. The laboratory is organized into a 
number of different sections representing 

the fields of study. Each section or bay 

is large enough to accommodate 4-6 students. 
These bays are as self-contained as possible, 
with provision made for the storage of tools, 
products and stock within them. The class is 
divided into three or more groups, with each 
group working through the course unit in the 
assigned bay. After the completion of the 
unit, in from nine to twelve weeks the groups 
rotate, each proceeding to another bay and 
new experiences (p. 4). 


Therefore, at any one time, a class of Industrial 


Materials; and Electricity-electronics activities. 


Thesuchsasclassaust 1s likely that students will be 


functioning at various levels of cognitive learning. 


(1970) lists eight levels of cognitive learning. 


1. Signal Learning; also called conditioned response 


learning. 


Examples may be: Graphic Communications ; 


They are: 
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9. Stimulus-Response learning; where correct res- 
ponses are reinforced to strengthen their reten- 
Lon. 
3. Chaining; the connection of a set Cf stimula and 
responses into a sequence. 
4. Verbal Association or naming; which is a variety 
of chaining. 
5, Discrimination Learning; or the Spivey et Odd S— 
criminate between similar perceptions. 
6. Concept Learning; or the aba la ty toc lasai ty 
stimuli by abstract properties. 
7. Rule Learning; a chain of two or more previously 
learned concepts. 
8. Problem Solving; the ability to use and apply 
previously learned rules to arrive at a solution. 
According to Gagné, learning is hierarchical in 
nature, so, for learning to occur at a given level, it is 
necessary that the previous level be mastered. In other 
words, Stimulus-Response learning in a given area is a nec- 
essary prerequisite before Chaining, Verbal Association, 
Discrimination Learning, Concept Learning, Rule Learning or 
Problem Solving can occur. 
lhe Gagné's theory is accepted, the Industrial Arts 
teacher must structure his program to ensure that appropriate 
learning experiences are provided for each of his student 


groups. However, as Frantz (1970) states: 
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The demands placed on a single instructor 

to provide individualized attention to 

students in accomplishing educational goals 

and objectives often become insurmountable. 

Efforts to cope with these problems in a 

conventional manner usually result in 

inefficient use of instructional time, or 

the neglect of teacher attention to indiv- 

idual student requirements. Individualized 

instruction may be useful in solving (such) 

instructional problems (p. 38). 

Bjorkquist and Lease (1965) stated that “facts are 
Phesbuniaing:>lockesot education (p. I8) stand must be master— 
ed by a student before higher level learning can occur. Such 
is the case in the Electronics area of Industrial Arts, where 
it is necessary for students to learn many basic facts before 
conceptualization and problem solving can occur. 

It is both time consuming and educationally inefficient 
for a teacher to instruct students in basic facts, which is 
essentially a stimulus-response type of learning, while other 
class members may need his help in order to reach higher 
levels of achievement. 

Therefore, it is likely that the introduction of an 
educational aid that is able to instruct basic electronic 


facts will be of benefit to students in Junior High School 


Industrial Arts classes. 
THE PROBLEM 


A cognitive teaching device called Electrical 
Response Indicator Board (ERIB) has been made which may be 


able to instruct Industrial Arts students in basic electronic 






s ni emeidorq seer dtiw OF BFI01 

ni -tivess yllavey ten | igeodsnoy nos 
fo ,smit Ler tank to- | 
-vibni ot notineits ‘xeriozst to. ‘tosl 
besifsubivibal -.etnems<iupet tasbu 

(dove) gnivioe ak [vteey ad Yem nobfpuy ait 

.(8€ .q) emoidorq Isnottsuttent 

sts etost” teds betste (edel) sesod bis taluvpaaota 
-yestesm sd taum bos ".(8L .q@) mortsovubs to. alesis agnibiiud sa 
fov2 .wuo90 mp9 antansel Level ia ail eroisd thebyte 5 vd bs 
srsriw ,etxA [eintesbal YO sods ysbneibel2 eft ni saso sdt ek 
exoted etos? oiasd ynem axeel of etasbyts vo? ttesesnen ak +£ 
~mbooo nso gnivibe meidoyq bas noitssilsutgsones 

tnetoitient ylisnortsoubs bas animuenoo omit’ 15OS ek tI 
et Aoidw ,2ts8% ofesd ak etusbute tountent oF tedoset Ss aet 
tenfto slinw ,.gainrsel to sqyt: setoqser- ~eviumite 6 yoleitasges 
xengid dosex ot Tab yo Gi Wlad Bid besa vem exsdittem easto 
.tnsmsvelnos to elsyet 


m6 to sbitssborsni syit ted ylodtl et +r , stotsrsnT 


Sinoxrtosis ofesd towxtank o% sides el tet bis Lsnottsonia 





Loofse maith totaul at-asnsbirte ot 's42ensd. Boued LEEW) . 











acces. 
The problem is that no evidence is available to 


support this claim. 
PURE Oo ls Of THE STUDY 


The purpose of the study is to ascertain whether 
ERIB can teach basic electronic facts to Junior High School 
Industrial Arts students as effectively as another stimulus- 
response self teaching means. 
Specifically, the study seeks answers to the follow- 
ing research questions. 
1. Is the ERIB system a self-instructional tool which 
is of value in the Junior High School Industrial 
Arts laboratory? 
2. Is ERIB as effective as another stimulus-response 
means in teaching electronic facts to Junior High 


school industrial Arts students? 
NBED* FORTHE “STUDY 


Baker, Fowler and Schuler (1967) expressed the view 
that more effective and efficient teaching methods were 
needed in the electricity-electronics area, due to the rapid 
increase of subject matter. They examined several investig- 
ations in this area and concluded that more research was 
needed in order to improve the quality of education, and 
that too little research in the electricity-electronics area 


was being conducted in public high schools. 
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Barnard (1963) wrote that Industrial Arts leaders 
had the responsibility to write and test instructional 
programs for school use. Yet Kenneke (1970) indicated that 
little progress had so far occurred in that field, and that 

Concerned educators must try to influence 

school officials and other leaders in 

developing conditions which will encourage 

experimentation with and application of 

autotutorial technology. Classroom 

teachers must be allowed to investigate 


and consider its merits, and use those 
techniques which are effective (p. 28). 


Later, Kumro and Camp (1971) decried the lack of 
research in Industrial Education in the following terms: 

In nearly all curricular areas, empirical 

studies of the application of programmed 

materials are still badly needed. And in 

some areas of industrial education ex- 

perimental evidence to support the value 

of programmed instruction is also completely 

Jacking (is) 228). 

An independent study of some Junior High School 
Industrial Arts facilities in Edmonton by Dyrenfurth (1970) 
concluded that more efficient use of the instructor's time 
would result if a greater quantity and variety of instruc - 
tional aids were available. The students of those classes 
surveyed also indicated that they would prefer to use a 
greater variety of instructional material in the Industrial 
Arts laboratories. 

It therefore appears certain that an experimental 


study, to obtain empirical data relating to the effectiveness 


of the ERIB device as an aid in teaching electronics material, 
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Would be of value. 
DEFINITION OF TERMS 


BRIB:. This-is a stimulus-response teaching device, 
consisting of a hardware unit and software sheets. The hard- 
ware unit has a variety of separate electrical circuits plus 
two external probes. Completion of any one circuit via the 
probes causes an indicator bulb to light. The software 
ret: of four 9" by 12" paper sheets. Fach sheet contains 
eight or nine sets of related statements and responses, a 
total of thirty-five need in all. When one of the sheets is 
inserted into the hardware unit, several of the circuit 
terminals are exposed. As the learner locates a matching 
statement-response set, via the probes, the reinforcing bulb 
lights. Incorrect responses do not complete any of the 
electrical circuits, therefore only correct responses are 
positively reinforced. A more detailed explanation appears 
in Appendix A, page U6, ~ 

SELF TEACHING MEANS: Flash Cards. Flash cards 
present a learning situation to the student. One side con- 
tains a statement plus a choice of four responses. The other 
Side has the correct response endorsed on it. The student 
reads the statement, then attempts to select the correct re- 
sponse from the four provided. Reversing the card displays 
the correct answer. Flash cards are a stimulus-response 


teaching method and provide immediate reinforcement and 
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evaluation of student responses. They were selected for this 
study because "Through flash cards, the Industrial Arts 
teacher has one more effective teaching tool to satisfy the 


needs of his students (Bjorkquist and Lease, 1965. p. 34)." 
HYPOTHESES 


dee There will ibe no Significant difference in 
achievement between those students who learn basic electronic 
facts via ERIB and those who learn via flash cards. 

2. There will be no significant difference in 
retention between those students who learn basic electronic 


facts via ERIB and those who learn via flash cards. 
SCOPE AND LIMITATIONS OF THE STUDY > 


The scope of the study was limited to Grade 8 Indust- 
rial Arts students in the City of Edmonton, therefore, the 
results obtained cannot be generalized beyond the defined 
population. 

It was assumed that both the experimental and 
control groups were homogeneous sub-samples of the same 
population. 

It was also assumed that both the post test and 
retention tests used were equivalent, as both contained the 
same items, only in varying order of presentation. 

The comparison of the ERIB learning process to flash 


cards is limited to the extent that both methods offer a 
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choice of possible responses, and that both methods provide 
immediate feedback to indicate whether a correct or incorrect 


response was selected. 
MELHODTOR THE stUuDy 


The program was administered to each group during 
normal Industrial Arts periods. Eight class members were 
randomly assigned, four to the experimental group and four 
tO. tHe «cOontnol group. 

Each member of the experimental group was placed at 
an ERIB unit and shown how to insert the software sheets, and 
operate the probes in order to verify the correctness of a 
response. 

Each member of the control group was provided with a 
set of thirty-five flash cards and told that each contained 
a single fact plus a choice of four responses, and the correct 
answer on the reverse of each card. 

Both groups were allowed twenty-five minutes learning 
time with their respective materials, after which a common 
post test was given. 

One week later a common retention test was administer- 
ed by the classroom teacher, the test results being mailed 
to the researcher for analysis. 

The same procedure was followed with each of the 
twenty-five selected classes of students. | 


The data to be analyzed consisted of ninety-five sets 
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of post and retention tests for the experimental group, and 

ninety-eight sets of similar data from the control group. 
Item analysis tests were performed to determine the 

reliability of tests used in the study, while two way analy- 


sis of variance was done to test the null hypotheses. 
RELATED LITERATURE 
LEARNING THEORY ~ 


Gagné (1970) has described learning as "a change in 
human disposition or capability, which can be retained, and 
which is not simply ascribable to the process of growth (p. 3)." 
He has outlined eight categories of learning and arranged 
them into a hierarchy which ranges from simple to complex. 
His basic assumption is that each higher order learning cat- 
egory is dependent on mastery of those levels below it. 

His hierarchy is as follows: 

1. Signal Learning or conditioned response, which 
causes a natural reflex, such as fear, anger or pleasure to 
be exhibited on the presentation of a specific stimulus. 
Gagné states that signal learning is of little value in the 
field of educational learning. 

2. Stimulus-response Learning, which requires that a 
specific action be made in response to a given stimulus. 
This type of learning is a matter of discrimination between 


correct and incorrect stimuli. Stimulus-response learning 


. ae a> 
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forms the base of Gagné's hierarchy. 

3, Chaining, which is the connection. of, a set of 
stimuli and responses into a sequence of events, such as are 
required to tie a shoelace or open a door. It is emphasised 
that a chain cannot be learned unless the learner can perform 
Sl thesuntos. WLthin 1s 

4, Verbal Association or naming. This type of learn- 
ing requires the establishment of a mediation link or mental 
image in order to connect the association. The learner must 
know each link as in a stimulus-response situation, and he 
must know the mediating connections between each verbal unit. 
This type of structure is useful when learning material such 
as poetry. 

5. Discrimination Learning requires that the learner 
Has, ii tsolation..all the required chains. In practice, 
stimuli are presented repetitively, followed by reinforcement 
of correct responses. Discrimination learning is frequently 
used in schools. 

6. Concept Learning or the ability to distinguish by 
the means of a common abstract quality of classification. 
Stimulus objects are presented to the learner in rapid 
sequence, and the common link or concept elicited. New 
objects are introduced as a check that the concept has been 
understood. Concepts are abstractions, and this type of 
learning frees individual learners from control by specific 
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7. Rule Learning. Gagne (1970) defines a rule as "an 
inferred capability that enables the individual to respond 
to a class of stimulus situations with a class of perform- 
ances (p. 191)." The performances must, of course, be pre- 
dictably related to the stimulus situations. The student 
must know all or most of the component parts and be aware of 
the performance expected of him. The component concepts are 
revised, and verbal clues for the whole rule given. When 
the learner can demonstrate the rule, under a variety of 
conditions, then this level of mastery has been achieved. 

8. Problem Solving is the apex of Gagné's structure. 
A problem is presented which the learner must define. Possible 
solutions are hypothesised and tested, based on previously 
attained learning experiences. Problem solving is the final 
step in the sequence of learning. 

Gagné (1970) wrote that "Typically, the learning of 
a topic, or part of a course of study, can be viewed as a 
hierarchy in which the most complex rules representing the 
‘endpoint! objectives require the learning of simpler rules 
as a prerequisite to efficient attainment COnmehe 1620) eee) 
other words, stimulus-response learning is a Vitae. inicein 
the learning process. 

Skinner (1968) prefers to call stimulus-response 
learning ‘operant learning', and defines teaching as “the 


arrangement of contingencies of reinforcement, to expedite 
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learning (p. 5)." That is, if a particular consequence, call- 
ed a reinforcement , is arranged, the behaviour of an organ- 
ism can be pre-determined. He emphasised that by arranging 
contingencies of reinforcement, machines were capable of 
teaching. Gagne (1970) has postulated that much learning is 
really a matter of discrimination between correct and in- 
correct stimulation, and that stimulus-response learning is 
resistant to forgetting, which makes it useful for school 


use. 
PROGRAMMED LEARNING 


Porter (1957) has stated that teaching efficiency 
may be increased by the application of the results of psycho- 
logical principles derived from 'learning' experiments, and 
also through the use of teaching aids and devices. He defin- 
ed a teaching machine as "a stimulus-response device which is 
capable of teaching without the mediation of the teacher 
(p. 126). He theorised that a stimulus-response teaching 
machine was best able to meet the requirements of a teaching 
machine for educational use. 

Espich (1967) said that most programmed materials 
were based on stimulus-response conditioning, and that rein- 
forcement increased the probability of a response being re- 
peated. In the case of programmed instruction, positive 
reinforcement was a stimulus presented to the learner after 


his response. The reinforcement of course, had to satisfy 
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13 
one or more of his basic human needs, such as success. Such 
programs worked mainly in the cognitive domain. 

There are various types of programs. Fry (7°96:3)) 
categorized them as either constructed response, where the 
student metas an answer; or multiple choice programs. The 
formernewas concerned with the ability to recall information, 
while the latter dealt with the ability to recognize inform- 
ation. Deterline (1962) has said that multiple choice pro- 
grams assumed that the desired responses (learning) could be 
obtained by ensuring that a student pay attention and arrive 
at the correct response by his own sequential efforts. Of 
course, great care must be taken in preparing a program, tor 
it has no value unless it produces learning in the students 
for whom it was intended. 

Pressey (1926) has identified two factors which re- 
duced the effect that errors (such as may be made by a stu- 
dent using a multiple choice program) could have on achieve- 
ment. They were firstly, the law of frequency, which stated 
that a student may get some wrong answers, but that by chance 
he would get more correct than incorrect ones. Secondly, 
the law of recency, which stated that no matter how many in- 
correct responses were given, the correct answer was always 
the last sine and therefore more likely to be remembered, 


because it came closest to the reinforcement. 
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TEACHING MACHINES 


The main advantage of using a teaching machine was, 
as Deterline (1962) pointed out, that it helped a teacher 
deal adequately with large numbers of students. Fry (1963) 
noted that teaching machines could relieve highly skilled 
teachers from routine class assignments such as rote learn- 
ing and revision type activities. Similar views were ex- 
pressed by Kersh (1965), Pressey (1965) and Lysaught and 
Williams (1963). 

In a review of the literature on teaching machines, 
Porter (1957) discussed the electric answer board, which 
presented a series of questions and answers, that the student 
attempted to match. To check the accuracy of a guess, the 
student touched a contact button near the answer of his 
choice, with an electric probe. If the answer was correct a 
light flashed or a buzzer sounded. Nothing happened for in- 
correct choices. Porter placed this board within the categ- 
ory of immediate reinforcement stimulus-response devices, 
which included Pressey's Multiple Choice machine, Chemical 
Paper, the Punchboard and the Skinner Device. Although he 
stated that the electrical board had been used as a children's 
toy, Porter found no articles concerning its use in a teach- 
ing situation. 

Foltz (1962) examined the types of teaching devices 


that were available at that time. Punchboards, Multiple 
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Choice Machines and Chemical Papers were available, but no 
reference was made to the electrical answer board, as an 
instructional aid for school use. 

In a contribution to a publication for Industrial 
Arts teachers, Buetlich (1967) described an electrical teach- 
ing machine that he had made. It had provision for six 
question and answer sequences, and relied on the use of in- 
ternal switches to alter the circuit combinations. It was 
used to reduce the need to repeat instructions to Industrial 
Arts students, but no evidence was presented to support its 
use as a part of the regular educational program. 

The ERIB machine is basically a combination of both 
the electrical answer board and the electric teaching machine 
previously described. Its main difference is that provision 
was made for a wide variety of material to be presented to 
students, through the use of interchangeable paper software 
sheets. In addition, the information presented by each sheet 
was arranged to minimize the chance that a student could 
memorize the circuit combinations exposed on the face of the 


ERIB unit. 
SUMMARY | 


Learning has been described as a hierarchy based on 
stimulus-response learning. Many authors agree that machine 
like devices are well suited to provide stimulus-response 


learning situations, and that such devices free the teacher 
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from repetitive, rote-like ‘teaching activities. Evidence has 
been presented to show that multiple choice or matching pro- 
grams are effective, despite the fact that the learner may 
make several errors before selecting the right answer. This 
is due to the fact that the last response is always correct, 
and is reinforced, while incorrect responses are not. 

The electrical answer board, of similar format to 
the ERIB unit, had been used before, but no case was unearth- 
ed where such a device had been used specifically to teach 
information to school students, as part of the normal educ- 


ational program. 
ORGANIZATION OF THE REMAINDER OF THE STUDY 


Chapter 2 deals with the planning and organization of 
the study, and details the evolution of the ERIB material. 

Chapter 3 lists the conduct of the research, with 
emphasis on the selection of the participating classes, 
administration of the study, and data collection methods used. 

Chapter 4 lists the findings of the study and summar- 
izes the results of the item analysis and analysis of variance 
tests performed. 

Chapter 5 summarizes the conduct of the study and 
lists the conclusions. The findings are discussed and prob- 


lems for further study listed. 
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CHAPTER. 2 
PLAN AND ORGANIZATION OF THE STUDY 
PILOT STUDY 


The original material used during the pilot study was 
developed in conjunction with two experienced Junior High 
School Industrial Arts teachers in Edmonton. It was therefore 
felt to be representative of the basic knowledge required by 
Junior High School Industrial Arts students in the field of 
Electronics Technology. 

Pies pre scdbenwcesl en eused Lor the pilot study was 


0, X 0. 


ot 05 


Where 0, Welo sete /OTetest 5 


X was the ERIB learning process, 


OR awasmcie post Test. 


2 

Identical pre and post tests were used. Each con- 
sisted of thirty-five multiple choice questions based on the 
ERIB material. 

hie ERIB material consisted of four pages > Gach) con- 
taining eight or nine basic electronic facts plus matching 
responses, a total of thirty-five items. 

Twelve students, selected randomly from one Grade 8 


Industrial Arts class in Edmonton, formed the sample for the 
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pilot study. 

After a common pretest, six students were randomly 
assigned to be the experimental group, while the control 
group was formed by the remaining six students. The experi- 
mental group were shown how to operate the software sheets in 
the ERIB unit in order to verify the correctness of responses 
made. As the function of the control group was to determine 
whether learning occurred because of exposure to the pre and 
post tests, they resumed normal Industrial Arts activities, 
while the experimental group proceeded with the ERIB material. 

The results of the study indicated that the experi- 
mental group learned some electronic material, while the 
control group did not. Consequently, it was decided to make 
several changes in the research methodology. They were: 

i. eliminate the pretest because random sampling 
ensured that both the experimental and control groups were 
homogeneous sub-samples of the same population. 

ii. revise the format of the ERIB software so that 
each. sheet contained related material. 
iii. use flash cards, containing the same facts as the 
EFRIB sheets, with the control’ group in order to compare the 
learning effectiveness of the ERIB system to another stimulus 
response means of instruction. 
iv. introduce a common retention test. 
v. randomize the format of both the post test and the 


retention test. 
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POPULATION 


The population for this study consisted of students 
from all the Grade 8 Industrial Arts classes in both the City 
of Edmonton Public and Separate School Systems, a total of 


290 classes, in fifty-two Junior High Schools. 
SAMPLE 


The sample consisted of students from twenty-five 
Grade 8 Industrial Arts classes, drawn from fifteen randomly 
selected schools within the above population. 

The experimental group consisted of 100 students, 
being four students randomly assigned from each of the twenty- 
five classes. The control group consisted of 100 students 
Similarly assigned from the same twenty-five classes. The 


total sample was therefore 200 students. 
RESEARCH DESIGN 


The research design was 


Rar e) 
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Where R was the random selection, 
xy was.the  ERIB» process, 
Xp was the flash card process, 
05 was the post test; 


0, was the retention test. 
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20 
The major variable between the groups was the method 
of instruction. Therefore any difference in results was 


attributed to the type of instructional program used. 
DEVELOPMENT. OF. THE RESEARCH .MATERIAL 


The ERIB material was revised after completion of 
the pitotestudy. The programyused in the final study con- 
sisted of four sheets. Sheet one contained information 
relative to the basics of electrical units such as Volt, Ohm, 
Ampere. Sheet two covered the relationship of the units to 
each other and Ohm's Law. Sheet three introduced various 
types of simple otnediss. while sheet four was concerned 
with electronic terms such as modulation. The four sheets 
contained a total of thirty-five statements and matching 
responses, related to basic electronic facts. 

The material for the control group consisted of 
thirty-five flash cards. Each card contained one basic elec- 
tronic statement plus four possible responses. The correct 
answer was placed on the back of each card in order that it 
would be self checking. The cards were not sorted into any 
special order before student use. 

The revised post test contained thirty-five multiple 
choice type questions, each based on the ERIB program. the 
retention test was similarly constructed, but the order of 
bot thetquestions and the multiple choice responses were 


randomized. 
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A one week retention period was selected because 
most Industrial Arts classes meet on at least a weekly basis. 
Therefore new knowledge should be retained for (at least) 
that length of time in order that fresh learning experiences 


can occur, based on knowledge previously acquired. 
SUMMARY | 


The pilot study provided feedback information which 
caused several changes to be made in the format of the research 
methodology. 

They were: 

i. eliminate the pre test. 

ii. revise the ERIB software into related areas. 
iii. introduce flash cards for the control group. 
iv. introduce a retention test. 

v. randomize the format of both the post and retention 

tests. 

The population for the study was the students of the 
Grade 8 Industrial Arts classes in the City of Edmonton's 
fifty-two Junior High Schools. 

The sample was 200 students randomly selected from 
twenty-five Grade 8 Industrial Arts classes drawn from fif- 
teen randomly selected schools, within the above population. 

The research design was: 
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The research material was developed to cover basic 
information required by Junior High School Electronics Indust- 
rial Arts students. The flash cards contained identical 
information. Two Junior High School Industrial Arts teachers 
assisted with the compilation of the material used in the 
program. 

Tests used in the study were developed by the re- 


searcher, and based on the ERIB material. 
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CHAPTER 3 
CONDUCT OF THE RESEARCH 
SELECTIONWOF THE CLASSES “IN THE ‘STUDY 


Each of the fifty-two Junior High Schools in Edmonton 
that comprised the population for the study had at least two . 
separate Grade 8 Industrial Arts Classes per week. For con- 
venience, it was decided to randomly select fifteen schools, 
and then schedule visitations in such a manner that the field 
research could be undertaken, within the fifteen schools, 
during twelve and one half consecutive school days. 

Grade 8 Industrial Arts timetables were obtained from 
each of the selected schools. This information was used to 
construct the researcher's personal timetable, the major con- 
sideration at that time being to ensure that two Grade 8 
classes could be scheduled for each school day. That is, 
twenty-five class visits were arranged for the twelve and a 
half day period allotted for this part of the study. 

The final timetable included all fifteen selected 
schools. However, of necessity, five of the schools were 
visited.on just one occasion, which meant that only one class 
from each of them was included in the study. The ten schools 
remaining were visited twice, which made the total of twenty- 
five classes that participated in the study. 
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ADMINISTRATION OF THE STUDY 


The program was administered during regular lesson 
periods, in the Industrial Arts laboratories of the schools 
concerned with the study. The only requirement was that the- 
researcher had aceess to a power outlet and several feet of 
bench or table space, on which the ERIB units and flash cards 
were placed. 

Eight members of each class were randomly selected by 
the use of random number tables which were compared to the 
students' alphabetic class listing. The eight students thus 
selected drew lots to determine their placement as either 
members of the experimental group or of the control group. 
That is, four of the eight students were placed in the exper- 
imental group and four in the control group. 

Each member of the experimental group was placed at 
an ERIB unit and told that the four software sheets provided 
contained thirty-five basic electronic facts. It was demon- 
strated how the sheets fitted into the ERIB unit and stated 
that the matching of a specific question to its correct re- 
sponse, through the use of external prebes, would cause 
the indicator bulb to light. The light therefore, could 
confirm the correctness of any response selected. 

Each member of the control group was provided with a 
set of flash cards containing the same basic material as the 


ERIB sheets. It was explained that each card had a choice of 
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four responses listed, and that the correct answer was also 
on the back of each card. The students were shown how to 
operate the cards, and how to confirm the correctness of 
their responses. 

Both groups were allowed twenty-five minutes with 
their respective learning materials, as the pilot study 
conducted previously had indicated that student interest 
appeared to wane if longer periods of time were allowed for 
that part of the ‘program. At the conclusion of that time, 
both groups completed a common multiple choice post test. 
They then resumed normal class activities. 

A common retention test was given to the participants 
one week later, by the class teacher, who was provided with 
the test material by the researcher. The test material pack- 
age contained eight copies of the retention test, eight answer 
blanks, eight pencils and a stamped, self-addressed envelope 
in which the answer sheets were mailed back to the researcher. 
The class teacher was requested to administer the retention 
test to the participating students one week later. Fifteen 
minutes were allowed for the completion of the test. 


The same administrative procedure was followed with 


each of the twenty-five classes that participated in the study. 


STATISTICAL METHOD 


It was expected that the data to be analyzed would 


consist of 100 sets of post and retention tests from the 
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experimental group, and 100 sets of similar test results from 
the Control croup,  oHowevern, due to student absences when the 
retention test was administered, the study finally yielded 
ninety-five sets of data from the experimental group and 
ninety-eight sets from the control group. 

The University of Alberta's. Division of Educational 
Research: Test 04 (DERS:TESTO4) item analysis program was used 
to determine the reliability of both the post test and the 
retention tests used in the study. 

The University's. Division of Educational Research: 
Analysis of Variance 23 (DERS:ANOV23) program was used to 
check the null hypotheses. It employs a two factor analysis 


of variance with repeated measures on one factor. 
SUMMARY | 


Fifteen schools were randomly selected for the study 
from the fifty-two schools which contained all of the 290 
Grade 8 Industrial Arts classes in Edmonton. For convenience, 
twenty-five classes from the fifteen schools selected, were 
assigned to provide randomly selected students, who became the 
sample population. 

The study was conducted in the Industrial Arts lab- 
oratories of the schools during twelve and one half consecutive 
school days. Class teachers administered the retention test 
to student participants one week later. 

The study yielded ninety-five sets of test scores for 
the experimental group and ninety-eight sets of results for 
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the control group, as some participants were absent when the 
retention test was given. The data was processed by the 
University of Alberta's computer system, using the DERS: TEST 
04 program to obtain a measure Of the reliability or the tests 
used in the Sey and the DERS:ANOV23 program to test the 


MLL ny potnesés . 










prada cig sat ovig esw te 
Teat:eaaa eft gntew .msteye sotw redfA ' 
atest ott to ytilidsifer edt 26 owiesem #7 fo oF mss 
edit teat ot mMSTZ0%Xq SS VOUA: eAaa sity bas. ane e 





CHAPTER 4 
FINDINGS OF THE STUDY 
ANALYSIS OF THE POST AND RETENTION TESTS 


The post test was administered after the sample had 
been treated, while the retention test was administered one 
week later. Both tests contained thirty-five multiple choice 
items, each having four distractors. All items were based 
directly on the material presented to the participating 
student groups, via the ERIB program. 

The DERS:TESTO4 item analysis provided the informat- 
ion which may be seen in table l. 

The test mean was 19.79 for the post test, and 18.30 
for the retention test. 

Test reliability is calculated with the Kuder 
Richardson 20 formula, and may range from 0.00 to 1.00. A 
high value indicates greater reliability than does a low 
value. The reliability of the tests was found to be 0.7792 
for the post test and 0.7910 for the retention test. 

Item difficulty is expressed as the percentage of 
students answering an item correctly, and may range from 
0.00 to 1.00. A high value indicates that a large percentage 
of students correctly answered a specific test item. The 
item difficulty of the post test ranged from 0.31 to 0.90, 
with a mean difficulty of 0.56. Fourteen percent, or five 


of the items, had a difficulty less than the chance level of 
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0.75. The item difficulty of the retention test ranged from 
OSL tom. Sosewith a mean difficulty of 0.82. Eleven percent 
or four items had a difficulty less than the chance level of 
UAT Cor 

The biserial correlation measured the relationship 
between student performance on a specific item and perform- 
ance on the test as a whole. This value may range from -1.00 
tTOerEeeUG. A high positive correlation is desirable, as it 
indicates that a particular test item is able to discrimin- 
ate between high and low student achievers. Of the biserial 
correlations calculated for the post test items, fifty-seven 
percent or twenty items were between 0.14 and 0.50, with 
forty-three percent or fifteen items between 0.50 and 0.78. 
The mean value was 0.48. 

For the retention test, the biserial correlations 
calculated showed that forty-eight percent or seventeen items, 
were. between 0.14 and 0.50, while fifty-two percent or eight- 
een items were between 0.50 and 0.87. The mean value was 0.49. 

The item reliability index determines the effective- 
ness of an item, when considering the item difficulty and the 
biserial correlation. Its value may range from -0.50 to 
+0.50. A high positive value is desirable. Reliability 
indices of the post test items ranged from 0.07 to 0.34, with 
a mean of 0.22. Reliability indices for the retention test 
Gatged Gromeue0s to 0.g6, with a mean of O26. 

The item analysis for the post and retention tests 


appears in Appendix F, Tables 4 and 5, page 75. 
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ANALYSIS OF VARIANCE 


The DERS:ANOV23 computer program provided the 
following information, which also appears in Tables 2 and 3. 


The x, group scored a mean of 18.69 items correct on 


the post test and a mean of 17.36 items correct on the 
retention test. 

‘The X, group scored a mean of 20.68 items correct on 
the post test and a mean of 19.20 items correct on the 
retention test. 

The tA? main effects indicated the variation between 
the X, and X, groups as a whole. This was done by consider- 
ing the X, group's post and retention tests; and comparing 
them to the X, group's post and retention tests. The con- 
sequent variation between the X, and X, groups gave an EF 
ratio of 5.821 and a probability which was significant 
beyond the 0.05 level. 

The 'A*Bt interaction indicated the interaction 
between the X, and X. groups. The F ratio was 0.046 and the 
probability 0.83. No significant interaction occurred be- 
tween the Xy and Xo groups. Therefore, both null hypotheses 
were rejected. 

The 'B' main effects indicated the variation between 
the post and retention tests. The consequent variation be- 
tween the tests gave an F ratio of 23.377 and a probability 


which was significant beyond the 0.05 level. The 'B' main 


effects were not relevant in this study. 
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TABLE: 2 


MEANS OF ACHIEVEMENT SCORES AND STANDARD 
DEVIATIONS FOR POST AND RETENTION TESTS. 











POST eC BST RETENTION TEST 
Cell Standard Cell Standard 
Means Deviation Means Deviation 
Experimental 
Group. N =95 18.69 bead 17.36 5.70 
Control Group 
N = 98 20,68 6.25 Lay 20 6.21 
TABLE 3 


SUMMARY OF ANALYSIS OF VARIANCE 
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source of Sum of (ae ae Mean of i Probability 
Variation Squares Squares Ratio 

'At Main 

Effects 345.815 aL 345.815 5.821 0.0167807** 
'B! Main 

Effects ods oo is ES iste ea FL eg Oe 0.0000062** 
TASB! ; 

Interaction. 0.377 Ae QO. 377 0.046 0.8303548 





#* Significant at the 0.05 level. 
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SUMMARY 


Item analysis data were obtained for both the post 
test and the retention test. The reliability of the post 
test was 0.7792, while the reliability of the retention test 
was 0.7910. | 

The analysis of variance program provided data which 
led to the rejection of both the null hypotheses at the 0.05 
level. 

Significant differences in achievement were found 


between the groups tested. 
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| CHAPTER 5 


SUMMARY, CONCLUSIONS, DISCUSSION AND PROBLEMS 


FORMEUROHER SLUDY 


The purpose of the study was to compare the effect- 
iveness of two self-instructional methods of teaching elec- 
tronic facts to Junior High School Industrial Arts students. 
The ERIB system ee selected because it had been 
developed by the researcher, who had no reliable indication 
of its educational merit. Flash cards were used as the 
control because support had been found for their use in 
teaching electronic material to Industrial Arts students 
(Bjorkquist and Lease, 1965). In addition, flash cards were 
Similar to ERIB as they were a stimulus-response self- 
teaching means; provided immediate indication as to the 
correctness of a response; and reinforced correct responses. 
The study was designed to answer the following re- 
search questions. 
I. ‘Is’ the 'ERIB system a Seep ee com barioe | which 
is of value in the Junior High School Industrial 
Arts laboratory? 

2. Is ERIB as effective as another stimulus-response 
means in teaching electronic material to Junior 
High School Industrial Arts students? 

The following research hypotheses were developed. 

1. There will be no significant difference in achieve- 


ment between those students who learn basic 
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electronic facts via ERIB and those who learn 
via flash cards. 

2. There will be no significant difference in re- 
tention between those students who learn basic 
electronic facts via ERIB and those who learn via 


flash cards. 
SUMMARY 


The study compared the effectiveness of two self- 
instructional stimulus-response methods of teaching basic 
electronic facts to Junior High School Industrial Arts 
students. 

The population for the study was the Grade 8 Indust- 
rial Arts students in the City of Edmonton. The sample con- 
Sisted of 200 randomly selected students split into equal 
halves, and drawn from the defined population. 

The experimental group worked with the ERIB program 
while the control group worked with flash cards for a period 
of twenty-five minutes. Both groups then completed a common 
multiple choice post test which was followed, one week later, 
by a common retention test. 

A pilot study was conducted which provided inform- 
ation that led to a revision of both the research design and 
the material used in the study. The material used was de- 
veloped by the researcher in conjunction with two experienced 


Junior High School Industrial Arts teachers. 


ae 
axeel ofw eeott bne GTAd siv ‘atOBt otaortoste: 
vabtso fast piv 

eoneasiitbh tnsottiogie on ed {fiw stent = 


~ot ot 


steed myeel ofw etasbure ezodt nsswisd. noLtnst 
STA eiy etoet vinotroels 


_abas8 Aes tt 


stv nansel oflw seont brs 


YHAMMUS 





nevistostis eft betsanes youre eT 


stent gniropet to ebontem sanogestseuLumite fenottounitemks 
sotaut- ot atost otnostoshe: » 
7 


-tfae ows to ees 


stxA {aieteubni Lotiot nig bh 


eTHebaTRee | 
-txbal 8 sbet) sit esaw ybute sdj, oT noitsiugog edT ig hie ; 
.1oo slqnee edt sftotnomba To ysiO sit ms etnebute etté iskeo ‘3 
mobnet OOS to betel. - 7 


feups otat shal etnabuts batselee yi 







edt moxt nweab Dre Taniataasi 





»norteiLuqog benkteb 
maanorg 4Iad eds dtiw belitow quoi Istnemiivegxs edt 
q 6 tot sbts° dasit dtiw bexttow quors Loxtdes ois 
nommos s beteiqnoo nedy aquota dtod <setencm evit-vinews 20 a 


etetel aesw ono ,bewollot dew Hottw tas? taoq soiero otis um | 
| ty 


taet nobtreten sommoe oy 
; _ 
+ hee tad ites imi A: La a 


earell F 


= va 
' 
im 






bois 










5 | 





a 


36 

Due to student absences when the retention test was 
administered, complete data were only available for ninety- 
five members of the experimental group and ninety-eight 
members of the control group. 

The test data were processed by the University of 
Albertats IBM 360/67 computer. Program DERS:TESTO4 was used 
to determine the reliability of the post and retention tests. 
It was found that the mean score for the post test was 19.79 
%Ztems answered correctly. The reliability was 0.7792, while 
the item difficulty ranged from 0.31 to 0.90, with a mean of 
0.56. Biserial correlation ranged from 0.10 to 0.78, with a 
mean of 0.48. Etem reliability ranged from 0.07 to 0.34, 
with a mean of 0.22. 

For the retention test, the mean was 18.30 items 
correct. The reliability was 0.7910, while the item diffi- 
culty ranged from 0.14 to 0.85, with a mean of 0.52. Bi- 
serial correlation varied from 0.14 to 0.87, with a mean of 
0.49. Item reliability ranged from 0.06 to 0.36, with a mean 
OF. Os 23:, | 

Program DERS:ANOV23 was used to test the null hypo- 
theses. The variation between the experimental and control 
group scores yielded an F ratio of 5.82 and a probability of 
0.016. The variation of interaction between the groups 
yielded an F ratio of 0.046 and a probability of 0.83. Both 


hypotheses were therefore rejected at the 0.05 level. 
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CONCLUSIONS 


Null Hypotheses 1 and 2 were both rejected. 

There was a significant difference between the X, 
and X, groups as a whole, while no significant interaction 
occurred between the groups. 

The means of the Xa and Xo groups after the post 
test, (18.69 and 20.68) indicated that the X, group achieved 
the higher score. The flash cards were more effective than 
ERIB in teaching basic electronic facts. Therefore, Null 
Hypothesis 1 was rejected. 

The means of the X, and X, groups after the retention 
test, (17.36 and 19.20) indicated that the X, group achieved 
the higher score.. The flash card learning resulted in greater 
student retention than did ERIB. Therefore, Null Hypothesis 


2 was rejected. 
DISCUSSION 


Some evidence relative to the educational merit of 
the ERIB device was obtained. Students using the ERIB 
method were able to learn and retain almost as much factual 
information as did students using flash cards. It there- 
fore appears that the ERIB system is able to provide the 
Junior High School Industrial Arts teacher with an educat- 
ioally sound, self-instructional means. 

As none of the classes participating in the study 


appeared to normally use flash cards, it seems likely that 


flash cards too, are able to provide another effective 
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self-teaching method. 

Although an attitude test was not administered, the 
researcher's observations Suggest that the ERIB system may 
have a higher motivational effect on students than do flash. 
cards. Several instances were observed where students 
using flash cards appeared to loge some interest prior 
to the expiration of the Study time allotted. In contrast, 
Students using the ERIB process appeared to be interested 
for the entire time period. 

Several factors could account for this occurrence. 
They are: 

1. The response listed on a flash card may allow 
the 'correct' response to be more easily distinguished from 
the four provided. This situation was permitted when the 
flash card responses were constructed, as it was felt that 
the inclusion of more difficult response choices would 
lead to a duplication of many of the distractors which were 
used in both the post test and the retention test. This 
in turn, could result in an undesirable situation where a 
Student would have prior knowledge of the structure of the 
Tests 

ERIB, however, has material grouped into related 
areas, on four separate software sheets. This arrangement 
May cause a student greater difficulty in locating the 
correct response, Therefore, due to their pornees it 


appears that flash cards can allow a student to match the 
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39 
statement-response sets more quickly than can the ERIB 
format. 

9. The use of multiple choice items in both the post 
test and retention test may not have been appropriate, con- 
sidering the Grecnuetionat means used. Students using flash 
cards were provided with a situation whereby they had prac- 
tice in selecting the correct response from four distractors. 
ERIB students, however, had to select a correct response from 
up to nine distractors. As the criterion exams which were 
used to indicate student progress were of similar format to 
the flash cards, it is possible that flash card students 
would find a multiple choice form of test less difficult 
than would ERIB students. 

3. Flash cards indicate the correct answer immed- 
jately when a response is being verified, while ERIB may 
require up to eight responses to be made before the correct 
answer is located. In such a case, flash cards are able to 
transmit information more quickly. It follows that a 
student using flash cards could match the thirty-five facts 
and responses more quickly than a student using ERIB. There- 
fore, loss of student interest in flash cards may occur be- 
cause of boredom, as an excessive length of time may have 
been allowed for their use. 

4, The fact that the researcher was present and 
observing the students during the learning process may have 
created an artificial situation where students using flash 


cards may have worked more diligently than would occur in 
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a normal Industrial Arts laboratory. In a normal laborat- 
ory situation, the teacher would most likely be occupied 
with another class group, while some students may be using 
self-instructional material to increase their knowledge. 

In such a case, it is suggested that student motivation to 
use flash cards efficiently may decrease. Conversely, the 
researcher's observations indicate that ERIB would be more 
likely to motivate students, and therefore permit more 
effective self-instruction to occur. It is recognized that 
the apparent increase in student motivation when using ERIB 
may be due to a novelty effeat.. Nevertheless; at is felt 
that the ERIB system could be used to advantage in Indust- 
rial Arts laboratories te motivate students to learn Gants 
ual material with a minimum of teacher direction. 

Both the post and retention tests which were devel- 
oped, were found to have ak reliability. It therefore 
seems likely that these tests could be gainfully employed 
to measure student achievement in the Electronics area of 


Industrial Arts. education. 
PROBLEMS FOR FURTHER STUDY — 


As both instructional systems achieved similar 
results, further research could be initiated to evaluate 
other self-instructional methods used in Industrial Arts 
education. 

Since both methods are inexpensive, teachers should 


be encouraged to use either means in their laboratories. 
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The study revealed several realated problems worthy 


of further investigation. They are: 


1. There is a need for a Study to determine the 


educational parameters 
i. What is the 
usé ERIB in 


LzemWhateis the 


of the ERIB system, such as; 
optimum time that a student should 
one session? 


optimum amount of information that 


Should be presented to a student in one session? 


Liieewhat. .s: the 


optimum number of items that should 


be accommodated on one page of ERIB software? 


2. There is a need for a similar study to determine 


the parameters of flash cards, as a self-instructional 


means in Industrial Arts. 


3. There as a need for a Study to compare the learn- 


ing effectiveness of both ERIB and flash cards, to other 


self-instructional methods, in the Industrial Arts field. 
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THE ERB oto LEM 


The ERIB unit was constructed as shown in Illustration 
1. The terminal face was a 9" by 14" piece of plywood, with 
fifteen small bolts vertically positioned near the right and 


left hand edges. 


PROBES 





Lilustration, 1. 
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The bolts were wired in pairs, as shown by Illustrat- 


ion 2. The wires were placed under the terminal face. 
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Wlustration 23 


A schematic of the electrical circuit is shown in 
Lijustration 3. The 110 volt mains current was reduced to 
6.3 volts by the transformer. Completion of any of the fif- 


teen circuits, through the probes, caused the bulb to light. 
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bulb 
20 
volts Gr wsacVi 


probe probe 


Dl rustracion 3. 


Each software sheet had holes punched, as shown by 
Illustration 4. Selected terminals were exposed when the 


sheet was placed over the terminal face of the ERIB Lin age 


Statements Responses 
placed néanr placed near 
the left side the right 
of the shee. side of the 
sheet. 





Illustration 4. 
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Many hole combinations could be punched, which per- 
mitted statements and responses to be arranged in a variety of 
combinations. Each of the four sheets used in this study had 
a different set of holes punched in order to present inform- 


ation to the learner in a variety of combinations. 
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Facsimile of Revised ERIB Software 
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Direct current is 
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measurement of 
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SHEET B 
© An insulator is 
QO 
O An ammeter is TU Sie ota vile clea tabetancin 
© A voltmeter is any material which total: 


Opposes electron eal G) 


© An ohmmeter is 
test instrument to QD 
measure electrical 
pressure 
The relationship between 
© resistance, electrical pressure 
and current was established by 


test instrument to 
measure rate of 


current flow ® 
O Current is 

Power (wattage) O 
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test instrument to 
measure resistance 
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the movement of free 
electrons along a © - 
conductor 
Voltage equals current 
© multiplied by resistance, is 


Multiplying voltage by current 
“QO vresults aig 


Ed 


| ses eee eee 


‘ot dotdw Letastsam yas 
wolt noxrtosie esaoqgo 


) ot tosmuatenn test 
fsotttosls stvessm 
ayveastg 


ot tnsmmitent teos 
to stax otiesom 
> wolt tnusww:o 


5 (9gstisw) rewot 


weeee WEL 2@'ouiO 


5° 


ot tnemuttent test 
sonsteiest sivesem 






exeasnq Is skato 
yd bedetidss 


54 
OGhis- das SHEET C 


resonant circuit © 
O this is 
fini s, is 
series-parallel circuit oO 
A combination of capacitors and Penance os 
Bo torecmtacewil) onlyeip 8) (ere i © 


oscillate at one frequency, 


Orisa 


applying a small varying current 
tosthetwunpute Of axtransis tor 

in order to obtain a larger O 
Current. Varlation.....+.-..- 

OA capacitor is 

Parallel “CIrcurt. ....5.--s 6s O 


© Inductance is 


a device that is capable of holding 


a charge of electrons O 
(>. Frequency is 
(© An antenna is 
Oo Amplification is obtained by The property of a Cuncus tt. to 
oppose a change in current flow 


an indication that current changes 
direction several times a second 





a high metal rod or cable, used 
to assist transmission or O 
reception of radio waves 
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Oaiternating cuprent is varying the carrier radio fre- 
quency so that audio frequency © 
can be superimposed on it 


O Rectification Ls 


OA diode will only allow electrons to flow oO 
in one direction 

© Modulation is electron flow first in one 

/ direction, then the other oO 


transfer electrical energy from 
© Frequency modulation is one circuit to another, without 
direct electrical connection © 


D ° e i. e _ 
© Demodulation is changing alternating current into 


direct current O E 


ee Se 
2 Signal generator 1s visually shows characteristics 


of electrical wave forms 


separating audio frequency from 
radio frequency current 


mixing audio and radio frequency. - 
Currents ~Logetiier O 


a test instrument that can produce 
any alternating current io) 
frequency 


© A transformer can 
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The unit of electrical pressure 
is the 


Vout 
amp 
antenna 
ohm 


Air, glass, rubber, plastic 
are 


conductors 
ohms 

insulators 
Capacitors 


Gold, silver, copper, brass 
are 


conductors 
positive 
resistors 
inductance 


Electrons flow to a 


negative point 
positive point 
conductor 
resistor 


EbPéectronPPriow +in' only +éne 
direction is 


rectification 
amps 

direct current 
modulation 


REVERSE 


VOLC 


insulators 


conductors 


positive point 


direct current 
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Resistance is measured by 


ammeter 

ohms 

diode 

series parallel circuit] 


Rate of electron flow is 
measured by 


amps 
Bee? kx 

direct current 
volts 


Electron flow is reduced by 


amplification 
resistor 
oscilloscope 
positive point 


Free flow of electrons is 
permitted by 


conductor 
series circuit 
insulator 
resistor 


Total opposition to electron 
flow is provided by 


Capacitor 

ohm 

series circuit 
insulator 


oh 


ohms 


amps 


resistor 


conductor 


insulator 







M 


a re aie aN 



















me mts 
‘emo 
oe both 

tivoxto fel ne aise oa 
7 


a 


emno a) 


. 

. 

ff 
ee OP wee — 

ei wolt novipale. to 98h 

- yd betead 


demarcate Ot CC CT CL LO A A CCC A 


i 
; 
| , ‘sqms 
BQnms ; ; Axl a 
t Ast tS yosiriLb 
| exiov 


: 
; 


a 


= 


: 2 eo ae 

: —e = i 7 
vd baoubes et wor? ta soetd 
nol risoLtiigms 
yOtEEsS1 


9go9 nao Llio 20 
taiteg ovisfeoq 7 
: 


2 | 
. 


Ee EE 


Pf RS A ET mR 


if 

6 

J 
a | ~ 
1 

i 





—— A TT Ow ee 






2i gnottosis te wolt set 

: d bett£ 
| i ee 
rotSubneS ~ 

| tipowis eskase 
aa  sopsivent 
ks ’ cotetest 


on 


yotoubnoD 


Electrical pressure is 
measured by 


voltmeter 
capacitor 
conductor 
ohm 


Current flow is measured by 


demodulation 
resistance 
ohm 

ammeter 


Ohmmeters measure 


current 

resistance 

series parallel circuit 
diode 


The relationship between volts, 
ohms and amps was established by 


voltmeter 
Ohm 

insulator 
capacitor 


Electrical pressure multiplied 
by current flow, is 


alternating current 
power 

ohms 

series circuit 


voltmeter 


ammeter 


resistance 


Ohm 


power 
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Ohm's law states the relationship 
between ohms(R) volts(E) and 
amps(I) as 


ExR 
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L 
R 
E IxR 


mowou 


Movement of free electrons 
along a conductor is 


resistance 
demodulation 
current 
ammeter 


Thistisca 


ohm 

series circuit 
conductor 
resistor 
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Pectir ication 
antenna 

direct current 
parallel circuit 
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ammeter 

resistance 

resonant circuit 

series parallel circuit 


E = IxR 


current 


series circuit 


parallel circuit 


series parallel circuit 
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Applying a small current to the 
input of a transistor, in order 
to obtain a larger current 
change, is 


frequency 
modulation 
amplification 
resistor 


Electron flow, first in one 
direction, then the other, is 


power 
Capaciton 

series circuit 
alternating current 


Changing alternating current into 


direct current is 


Pawrallenteireuit 
Signal generator 
rectification 
direct current 


Current flow in only one 
direction is permitted by 


diode 

resonance 

series parallel circuit 
resistance 


Mixing audio and radio frequency 
currents is 


frequency 
inductance 
amplification 
modulation 
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A cipcuit of .capacitors and 
ENGOUCtLOMnS «that will “oscillate 
at one frequency, is 


series parallel circuit 


resonant circuit resonant circuit 
Poequency, modulation 
antenna 


A device that can hold a charge of 
electrons, is 


conductor 

Capacitor capacitor 
power 

series circuit 


Ihe property of @ circuit to 
Oppose any change in current 
flow is 


inductance 

frequency inductance 
amplification 

modulation 


The term used to indicate how 
often current flow changes 
direction is 


inductance 

frequency frequency 
amplification 

modulation 


A high metal rod or cable, used 
to improve transmission and 
reception of radio currents, is 


rectification 

resistor antenna 
transistor 

antenna 
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Varying a radio frequency signal 
in orden ta mix in an audio 
frequency, is 


demodulation 
resistance 

frequency modulation 
current 


Separating audio frequency from 
radio frequency, is 


resistance 
current 
diode 
demodulation 


Any frequency alternating current 
can be made by 


PeCtiTlCcatLon 
antenna 

Signal generator 
parallel circuit 


Electrical energy can be transferred 
from one circuit to another, without 
direct connection, by 


frequency 
amplification 
oscilloscope 
transformer 
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frequency modulation 


demodulation 


Signal generator 


transformer 





Visual characteristics of electrical 
wave forms are shown by 


oscilloscope 
inductance 
amplification 
modulation 


oscilloscope 
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Le Thre is’ a 


2. An ohmmeter measures 


3.A material which totally opposes 
electron flow is called 


te bueeeron, alow, Lirst in one 
direction, then the other is 


5. Which of these components will 
allow electron flow in only 
one direction? 


6. A test instrument that visually 
shows the characteristics of an 
electrical wave form, is 


7, THLSs.S 4 


8. The term used to indicate how 
often current changes direction, 
per second, is 


Je AwGircuie Of Capacitors and 
induetors.that will only 
oscillate at one frequency, is 
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aowowm 
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direct circuit 
series-parallel circuit 
parallel circuit 
series circuit 


wattage 
amperage 
resistance 
voltage 


conductor 
insulator 
resistor 
inductor 


alternating current 
amplitude modulation 
direct current 
electromotive force 


inductor 
diode 
conductor 
resistor 


ammeter 
ohmmeter 
voltmyter 
oscilloscope 


series parallel circuit 
resonant circuit 
Ppardilel circuit 

series circuit 


rectification 
resonance 
modulation 
frequency 
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series circuit 

resonant circuit 
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The movement of free electrons 
along a conductor is 


Applying a small varying current 
to the input of a transistor, in 
Order to obtain a larger current 
variation, is 


A material which reduces electron 
flow is called 


The relationship between Ohms(R) 
Volts(E) and Amps(I), is best 
expressed as 


A test instrument that can 
produce any alternating 
frequency current is a 


The test instrument which 
measures rate of current 
UG WIELS. A 


A material that permits the 
free flow of electrons is 
Galled a 
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Electrons tend to flow to a 
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wattage 
amperage 
cuprent 
voltage 


amplification 
demodulation 
inductance 
resonance 


inductor 
resistor 
conductor 
insulator 
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ExR 
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voltmeter 

Signal generator 
ammeter 
oscilloscope 


wattmeter 
ammeter 
voltmeter 
ohmmeter 


insulator 
resistor 

capacitor 
conductor 


parallel circuit 

series circuit 

resonant circuit 

series parallel circuit 


hegative point 
positive point 
either of these 
neither of these 
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Wie .tess anstrument that 
measures electrical 
pressure is 


iMesppoperty of a circuit to 
Oppose any current variation is 


Mixing together audio and 


radio frequency currents, is 


bg ie 
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24, 
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Electron flow in only one 
direction is called 


Two metal plates, separated by 
an insulator, and able to hold 
aocharge ofselectrons;iis a 


The unit of measurement of 
resistance is called a 


Multiplying electrical pressure 
by current flow, results in 


A high metal rod or cable, used 
to assist transmission or 
reception of radio frequency 
Waves, is called 


The rate of electron flow is 
measured in 
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Oaoawop aowop 
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ammeter 
wattmeter 
voltmeter 
ohmmeter 


resistance 
resonance 
capacitance 
inductance 


modulation 
rectification 
demodulation 
resonance 


rectification 
alternating current 
inductance 

direct current 


transistor 
capacitor 
transformer 
inductor 


ohm 
watt 
amp 
volt 


amperage 
resistance 
power 
voltage 


Capacitor 
antenna 
transformer 
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Separating audio from radio 
frequency current is called 


Changing alternating current 
into dimect currents 1s called 


The unit of electrical pressure 
is the 


Varying a carrier radio 
frequency current, in order 
to superimpose an audio 
frequency is called 


The relationship between 
voltage, resistance and 
current was established by 


A component that can transfer 
electrical energy from one 
circuit to another, without 
direct electrical connection, is 


Atay glass, plastic and 
rubber are examples of 


Gold, silver, copper and 
brass are examples of 
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modulation 
inductance 
demodulation 
resonance 


demodulation 
transformation 
rectification 
amplification 


ohm 
watt 
amp 
VoOLt 


amplitude modulation 
resonance 

frequency modulation 
rectification 


Ohm 
Watt 
Ampere 
Volta 


transformer 
insulator 
transistor 
resistor 


capacitors 
conductors 
resistors 

insulators 


insulators 
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resistors 
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A material which totally opposes 
electron. flow is called a 


Separating audio frequency from 
a radio frequency carrier, is 


Applying a small, varying current 
EOethe anput Of altransistor, in 
order to obtain a larger current 
variation, is called 


Electron flow in only one 
direction is called 


An ohmmeter measures 


A material which permits the 
free flow of electrons is a 


The property of a cireuit to 
Oppose any change in current 
flow is called 


The rate of electron flow 
1s measured in 
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inductor 
resistor 
insulator 
conductor 


resonance 
demodulation 
inductance 
modulation 


rectification 
modulation 
demodulation 
amplification 


direct current 
inductance 


alternating current 


rectification 


voltage 
wattage 
amperage 
resistance 


conductor 
Capacitor 
resistor 

insulator 


inductance 
capacitance 
resonance 
resistance 


ohms 
amps 
volts 
watts 


negative point 
positive point 
either of these 
neither of these 
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10. Which of these components will 


allow electron flow in only one 
direction? 


[ite se 2 Schematic of a 


resend g 


Multiplying electrical pressure 
byocurrent flow, nesults. cin 


The relationship between 
voltage, resistance and 
current was established by 
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resistor 
conductor 
diode 
inductor 


series circuit 

parallel circuit 

series parallel circuit 
direct circuit 


voltage 
resistance 
amperage 
power 


Volta 
Ampere 
Watt 
Ohm 


A Circuit of capacitors and a. resonant circuit 
inductors that will oscillate Bb. series circuit 
at only one frequency, is a ©, Pavnaliel circuit 
d. series parallel circuit 
Gold, silver, copper and a. resistors 
brass are examples of b. inductors 
c. conductors 
d,. dnsulaters 
16. The relationship between a. tleeyExR 
Ohms(R), Volts(E) and AMPS(TI) D. eae 
is best expressed as e. Ragulze 
d. bespiRxi 
DServe 5 a a. series circuit 
b. parallel circuit 
@, nesohantcommecuit 
d. series parallel circuit 
18. A high metal rod or cable, used a. inductor 
to assist the transmission or b. transformer 
reception of radio frequency ec. antenna 
CUIQDEI US sui Suse d. capacitor 


yorp reat 
noOToLpNGS 
aborb 
TOTDLDN ES 


tiusyio Bsriss 
+ruonro Lellarsg 


~ ri 


JT LUORLO Ja TH EBS Dicoe 


aa rise 
Cactecy 


ttu>' TLE 
+truorts’ £52 
+ryuparo Joasnoees 
t+iuorvto Lelistsq esitee 
notoubat 
Lompotersys 
sans toe 
4 roto gso 
a os 4 







7 
7 - _ 
a - ed | 


a 













A tiweaan i > OBS 


“SRO™ x 10° H pdt 


+ ee 
- 































sivaest” ‘sp eaele Pin 
nt atlies f awe ri xi Y 


neswisd ine Eras ont . +f 
Bris sonbiateet gegeIlov. 

vd border ldsses,; asi diss) 
Sy ecuerm 

ay a ~ - ; i ; 

ane exotioeaes TOMtaee sae +. ae 

are: vousupant ono Mite 38 


> : 
>. 


| ar 
bre eqqoo savite blood et 
sestd a 


0 siqmsxe Sib 


| is aed 

neswisd gine enoite tsa. oAT aL 
(L)eaMA. bas (AVerLov < (9) 2ecf0 
25 beessiqxs Tesd Bk 

s 


ow s ° 


set eidT.. 


ae 2 
















beer ».£tdeo "Oo por istom fz 
10 Mert guimensit sit Teiees 
(ouAupeRt oibes to mot: ae a 
; ys nots iy Ota ak. ,atnswiua” 
, a 





a, 


73 


19. A test instrument that visually a. oscilloscope 
shows the characteristics of b. voltmeter 
electrical wave forms, is a ec. ohmmeter 

d. ammeter 


20. A device, usually two metal a. anductor 
plates separated by an b. transformer 
insulator, and able to hold Cc. capacitor 
an electron charge, is a d. transistor 
21. The unit of electrical a. volt 
pressure is the b. watt 
c. amp 
d. ohm 
22, deetron fllow;, firstein one a. electromotive force 
direction, then the other b. direct current 
is called c. amplitude modulation 
d. alternating current 
23.The test instrument which a. ohmmeter 
measures current flow rate, b. voltmeter 
is called a ec. ammeter 
d. wattmeter 
24, Mixing audio and radio a. resonance 
frequency currents together b. demodulation 
is called ¢. rectification 
d. modulation 
25. Air, glass, rubber and plastic a. insulators 
are examples of b. resistors 
ec. conductors 
d. capacitors 
26. A test instrument that can a. oscilloscope 
produce any desired alternating b. ammeter 
current frequency is called c. signal generator 
d. voltmeter 
27..The movement of free electrons a. voltage 
along a conductor, is b. current 
Cc. amperage 
d. wattage 
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32. 


34, 


35. 


A material which reduces electron 
flow is called 


Changing alternating current 
into direct current is called 


the unit of measurement of 
Pesmetance 16 the 


Phe se et 





Which component can transfer 
electrical energy from one 
eireuit to another, without 
direct electrical connection? 


The test instrument which 
measures electrical 
pressure, is a 


The term used to indicate 
how often current changes 
direction, per second, is 


Varying a carrier radio 
frequency, in order to 
Superimpose an audio frequency 
current, is called 
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insulator 
conductor 
resistor 
inductor 


rectification 
amplification 
transformation 
demodulation 


volt 
amp 
watt 
ohm 


series parallel circuit 
resonant circuit 

series circuit 

parallel circuit 


resistor 
transistor 
insulator 
transformet 


ohmmeter 
voltmeter 
wattmeter 
ammeter 


frequency 
modulation 
resonance 
rectification 


rectification 
frequency modulation 
resonance 

amplitude modulation 
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TABLE 4 | 
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ITEM ANALYSIS OF RETENTION TEST 


Dirizeulry 


0.47 
0.50 
0.67 
0.85 
0.43 


0.65 
0.14 


TABLE § 


Correlation 


0.41 
0.44 
0.64 
0.73 
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Reliability 
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